؊/؊ mice. This finding suggested that in vivo, the IgG response to major carbohydrate antigen Em2(G11) of E. multilocularis could take place independently of ␣␤ ؉ CD4 ؉ T cells and in the absence of CD40-CD40 ligand interactions; thus, the Em2(G11) antigen of the acellular LL represents a T-cellindependent antigen. Functionally, the encapsulating LL, and especially its major carbohydrate antigen, Em2(G11), seems to be one of the key factors in the parasite's survival strategy and acts by modulating the host immune response by virtue of its T-cell-independent nature.
Alveolar echinococcosis (AE) is a severe hepatic disorder caused by infection with the metacestode stage of a small fox tapeworm, Echinococcus multilocularis (26, 27) . Despite the public health importance of AE in areas such as Central Europe, Alaska, China, and others, knowledge of the parasite's survival strategy, parasite-host interactions, and immune control of E. multilocularis infection is still not satisfactory with respect to molecular parasite components, in contrast to the already well-explained imbalanced host immune response (2, 15, 17, 24, 30, 45) .
Experimental studies on E. multilocularis infection have been carried out mostly with the laboratory mouse model by intraperitoneal or intrahepatic inoculation of metacestode material (13, 27) . The metacestode consists of an inner, germinal layer representing the live parasite tissue and an outer, acellular laminated layer (LL) surrounding the entire metacestode. Previous studies have suggested that the LL plays an important role in protecting metacestodes from the host immune response (25, 27) . However, the mechanisms by which the LL modulates and/or evades the host immune response are poorly understood (14) .
Infection with E. multilocularis induces both parasite-specific cell-mediated and humoral immune responses (27) . Cellular immunity is characterized by the development of an intrahepatic granuloma surrounding the parasite tissue (27) . It has been shown that a regressive, as well as a progressive, course of disease in both human patients and rodents correlates with a course-specific granuloma cell composition and the induction of an antigen-specific T-cell response (8, 13, 17) . Thus, cellmediated immunity plays a crucial role in the control of E. multilocularis infections. However, a significant lack of knowledge about the protein-versus-carbohydrate composition and function of E. multilocularis antigens remains, especially in view of their contribution to the induction versus suppression of cell-mediated immune responses. Previous studies of both humans and mice infected with E. multilocularis have demonstrated that humoral immunity may also play a functional role in the control of parasite growth (28, 50) . The specific humoral immune response includes an antibody pattern against parasite antigens of different molecular classes (26, 27) . A carbohydrate antigen named Em2(G11), localized in the periodic acid-Schiff stain-positive LL of the metacestode (12, 25) , has attracted considerable interest, as relatively resistant C57BL/10 mice exhibited a markedly high anti-Em2(G11) IgG3 response during chronic infection (27) .
Conventionally, antibody synthesis and isotype switching require a cognate interaction between antigen-specific B cells and major histocompatibility complex class II (MHCII)-restricted ␣␤ ϩ CD4 ϩ T cells. The ability of proteins or peptides to associate with MHCII molecules allows specific engagement of the T-cell receptor (TCR). This MHC-restricted antigen recognition by T cells is followed by the signals given by Thelper cells to induce B-cell activation. The signal delivered from T cells to B cells by cell contact is mediated mainly by CD40-CD40 ligand (CD40L) interactions. However, there is increasing evidence that B-cell activation and immunoglobulin G (IgG) antibody responses may take place in the absence of T-cell help and do not require CD40-CD40L interactions (39, 40) . Antigens that stimulate antibody production in the absence of MHCII-restricted T-cell help are classified as T-cellindependent (TI) antigens (6, 39) . They can further be divided into two groups: TI type 1 (TI-1) antigens-such as lipopolysaccharide-which induce polyclonal activation of B cells and TI-2 antigens which cannot be cognately recognized in the context of MHCII restriction elements and are capable of stimulating antibody production in nude mice but not in xid mice. Many TI-2 antigens are high-molecular-weight polysaccharides containing multiple identical antigenic epitopes. They exhibit low in vivo degradability. On the other hand, TI-2 antigens cannot be cognately recognized by the TCR in the context of MHC molecules like peptide or protein antigens, so they represent unconventional immunogenic molecules for Tcell activation and for induction of effective high-affinity IgG synthesis. One of the hallmarks of an immune response to TI-2 antigens is the relative abundance of IgG3 antibodies in mice (39) . Because of these characteristics, the poor immune response to polysaccharides and polysaccharide vaccines against encapsulated bacteria, such as Streptococcus pneumoniae, or some helminths is of limited effectiveness (9) .
In this study, we analyzed some specific antigenic characteristics of in vitro-cultivated parasites and the respective immune reaction patterns of the host in vivo following conventional inoculation of 100 metacestode vesicles to better understand how the LL contributes to the modulation of the host immune response and thus to the protection of the parasite against host effector mechanisms.
MATERIALS AND METHODS
Mice. Female 8-to 10-week-old C57BL/6 mice and athymic nude mice (C57BL/6 background) were purchased from Biotechnology & Animal Breeding Division, Füllinsdorf, Switzerland. MT mice were provided by H. Hengartner (University of Zurich, Zurich, Switzerland). MHCII I-A bϪ/Ϫ mice selectively deficient for CD4 ϩ T cells, ␤2-m Ϫ/Ϫ mice deficient for CD8 ϩ T cells, and TCR␤ Ϫ/Ϫ mice were bred free of specific pathogens in the animal facility unit of the Max Planck Institute for Immunobiology, Freiburg, Germany. All T-celldeficient and B-cell-deficient mouse strains had been backcrossed to C57BL/6 (H-2 b ) mice. CD40-deficient mice (129/Sv/Ev) and the wild-type (WT) controls were kindly provided by M. Kopf (Basel Institute for Immunology). In all experiments, animals were matched for age and weight.
Parasites and parasite antigen preparations. The parasite used in this study was the cloned E. multilocularis isolate KF5 (11, 25) . E. multilocularis vesicle fluid (VF antigen) was obtained by aspiration of fluid from in vitro-cultivated vesicular cysts (31) . The LL was purified from in vitro-generated metacestode vesicles and subsequently solubilized as described by Ingold et al. (32) . The carbohydrate E. multilocularis Em2(G11) antigen was purified by monoclonal antibody (MAb) G11-affinity chromatography (12) . The recombinant E. multilocularis protein antigen II/3 was expressed in Escherichia coli and subsequently affinity purified from bacterial extracts to be used for enzyme-linked immunosorbent assay (ELISA) (20) . All antigens were assessed for protein and carbohydrate concentrations. Protein contents were determined by using the Bio-Rad Bradford protein assay kit (Bio-Rad AG, Glattbrugg, Switzerland) with bovine plasma gamma globulin as the standard. Carbohydrate concentrations were estimated by using the orcinol-sulfuric acid assay with Dextran T-2000 as the standard (38) .
Infection of mice. T-cell-deficient or CD40-deficient (Sv129) mice and corresponding WT control mice were injected intraperitoneally with 100 freshly prepared metacestode vesicles (normal dose) suspended in 100 l of RPMI 1640 medium. Control mice received an appropriate volume of RPMI 1640 medium.
Histology. Infected mice were euthanatized with CO 2 . Livers containing metacestode tissue were removed by dissection and fixed in 4% buffered formaldehyde solution. Paraffin-embedded tissue sections were stained with hematoxylineosin.
TEM. In vitro-generated E. multilocularis metacestodes were fixed for transmission electron microscopy (TEM) in 100 mM sodium phosphate buffer (pH 7.2) containing 2.5% glutaraldehyde and 0.25% tannic acid, followed by postfixation in 2% OsO 4 in phosphate buffer. The fixed material was embedded in Epon 812 resin, and sections were cut with an ultramicrotome. Sections were loaded onto 200-mesh nickel grids and stained with uranyl acetate and lead citrate as previously described (31) .
SDS-PAGE, Western blotting, carbohydrate staining, and immunostaining. The soluble LL fraction, the Em2(G11) antigen, and the VF antigen were supplemented with 200 l of 5ϫ-concentrated sodium dodecyl sulfate (SDS) sample buffer, boiled for 5 min, and resolved by SDS-polyacrylamide gel electrophoresis (PAGE) using 7.5% gels. SDS-PAGE-resolved antigens were electrophoretically transferred onto nitrocellulose by using an inverted procedure at pH 2.0 (transfer from the cathodic to the anodic site). This allowed high-M r and carbohydrate-rich molecules to be efficiently transferred for subsequent immunodetection (29, 33) . In order to identify carbohydrates on Western-blots, the GlycoTrackCarbohydrate Detection Kit (Oxford GlycoSystems, Oxford, England) was employed in accordance with the procedures recommended by the manufacturer. Blots were immunolabeled with Em2-specific MAb G11 as previously described (12) . An irrelevant MAb of the same isotype (MAb PU) was used as a negative control.
Immunofluorescence. Peritoneal cells were allowed to adhere to poly-L-lysinecoated coverslips and were stimulated with VF antigen or Em2(G11) antigen for 16 h. They were then fixed in 3% paraformaldehyde in phosphate-buffered saline (PBS) for 15 min, followed by permeabilization in methanol (Ϫ20°C) for 10 min. Samples were rehydrated in PBS, and nonspecific binding sites were blocked in PBS containing 1% bovine serum albumin and 50 mM glycine for 1 h. The primary antibody-a protein A-purified anti-E. multilocularis rabbit antiserumwas applied at a dilution of 1:100 in PBS-0.1% bovine serum albumin for 45 min, followed by several buffer rinses. The secondary antibody (fluorescein isothiocyanate-conjugated anti-rabbit; Sigma) was applied for 30 min. To visualize the entire cells, a MAb directed against ␣-tubulin (clone B-5-1-2; Sigma) was applied, followed by an anti-mouse-tetramethyl rhodamine isocyanate conjugate. Samples were extensively washed in PBS and embedded as previously described (33) .
Cell cultures and lymphocyte proliferation assays. Spleen cell suspensions were prepared from infected or noninfected mice (11) . Spleen cell suspensions were prepared in RPMI 1640 medium containing 10% heat-inactivated fetal calf serum (Gibco, Basel, Switzerland), 2 mM L-glutamine, 0.05 mM 2-mercaptoethanol, 100 U of penicillin per ml, and 100 g of streptomycin (Gibco) per ml. Spleen cells were cultured in 96-well round-bottom plates at 2 ϫ 10 5 /well. Cells were stimulated with crude parasite VF antigen (10 g of protein and 2.1 g of carbohydrate per ml) or Em2(G11) antigen (2.8 g of carbohydrate per ml; no detectable proteins) for 96 h or were left unstimulated as negative controls. Cells were pulsed with 1 Ci of [ 3 H]thymidine (New England Nuclear, Boston, Mass.) per well and harvested 16 to 18 h later. Results were expressed as geometric mean counts per minute minus the background, the background being represented by the counts per minute of wells containing pulsed but unstimulated cells. Assays were validated when the background counts per minute were Ͻ10% of the values obtained with concanavalin A-stimulated cells. All tests were performed in quadruplicate.
Quantification of cytokine transcripts by competitive reverse transcription-PCR. Total cellular RNA was isolated from splenocytes ex vivo (no in vitro stimulation) by the single-step guanidinium isothiocyanate procedure using TRIZOL Reagent (Gibco). The cDNA was synthesized for 90 min at 37°C in 50 l containing 16 U of Moloney murine leukemia virus reverse transcriptase (Promega, Heidelberg, Germany) per ml and 1.2 ng of random hexamers (New England Biolabs).
Competitive PCR was performed as described previously (10, 48) . Briefly, constant amounts (40 ng) of cDNA were coamplified in the presence of appro-
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E. MULTILOCULARIS Em2(G11) T-CELL-INDEPENDENT ANTIGENpriate amounts of competitor plasmid DNAs (pNIL and pMUS) with the different cytokine PCR primers. The plasmid was diluted fourfold in nine dilution steps (point 1 to point 9) from a stock concentration of 3.73 ng/ml (10 6 molecules per l). Thus, point 1 represented 5 ϫ 10 6 molecules, point 8 represented about 60 molecules, and point 9 represented about 15 molecules. Relative quantification of cDNA was done by calculating how much of the competitor was required to achieve equal amounts of two products. The cDNA was first standardized to equal concentrations of the housekeeping gene (the gene for ␤2-microglobulin). PCRs were performed in 50 l containing 0.25 mM each deoxynucleoside triphosphate, 0.25 M 5Ј and 3Ј primers, 10 mM Tris/HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.01% (wt/vol) gelatin, and 1.25 U of AmpliTaq DNA polymerase (Perkin-Elmer Cetus, Rotkreuz, Switzerland) for 35 cycles (20 s at 94°C, 20 s at 56°C, and 30 s at 72°C).
ELISA for detection of Em2(G11) antigen or of antibodies and respective isotype avidity. Em2(G11) antigen was detected by sandwich ELISA with MAb G11 as described previously (12) . Within this assay, deglycosylation of Em2(G11) antigen was performed by treating the antigen with 50 mM NaIO 4 in 100 mM Na acetate-EDTA (pH 5.5) for 1 h at 37°C. To disrupt protein epitopes, the antigen was treated with 50 g of proteinase K per ml for 1 h at 37°C.
Sera were analyzed for parasite-specific antibodies by ELISA basically as described elsewhere (28) . The following E. multilocularis antigen fractions were used to coat ELISA plates: recombinant protein antigen II/3 (0.5 g of protein per ml), VF antigen (5 g of protein per ml), and MAb G11 affinity-purified Em2 (G11) antigen (0.57 g of carbohydrate per ml). These coating concentrations had been previously optimized by serial-dilution experiments using positive sera obtained from another experiment. Sera were diluted at 1:100, and the conjugates used were goat anti-mouse IgM or IgG isotypes linked to alkaline phosphatase (all from Southern Biotechnology Associates. Inc., Birmingham. Ala.).
The absorbance values used to discriminate between seropositivity and seronegativity were determined by the mean value plus 2 standard deviations of 20 sera obtained from noninfected mice of the identical genotype.
IgG avidity tests were performed by ELISA as described by Jenum et al. (34) . Briefly, each serum sample was analyzed in two fourfold titration rows, with one row (row A) starting at a dilution of 1:50 and the other row (row B) starting at a dilution of 1:200. After serum incubation at 4°C overnight, row A was washed three time with 250 l of PBS containing 6 M urea and 0.05% Tween 20, which resulted in the removal of low-avidity antibodies from their binding sites. Row B was washed three times with conventional washing buffer (0.05% Tween 20-PBS). All subsequent steps and secondary antibodies were used as described above. For each serum sample, two endpoint titers, one after washing with urea (row A) and one control (row B), were calculated with the following formula: 
RESULTS

Analysis of the LL antigen.
Previous studies have suggested that the LL may play an important role in parasite survival (1, 5) . For the present study, it was necessary to assess some further chemical parameters of the LL and related or comparative antigens. Thus, different parasite antigens, including crude VF antigen, soluble LL antigen, and affinity-purified Em2(G11) antigen, were assessed for their protein and carbohydrate concentrations. The VF antigen contained 2.0 mg of protein and 430 g of carbohydrate per ml (protein/ carbohydrate ratio ϭ 4.65:1). The crude LL antigen concentrations were 150 g of protein and 800 g of carbohydrate per ml, respectively (protein/carbohydrate ratio ϭ 1:5.33). The purified Em2(G11) antigen contained 28.5 g of carbohydrate per ml and no detectable proteins. The recombinant II/3 antigen concentration was 4.3 mg of protein per ml with no detectable carbohydrates.
Histological analysis of in vitro-cultivated vesicles or of vesicles obtained from infected livers had shown that the LL is strongly periodic acid-Schiff stain positive (data not shown). In vitro-generated vesicles were fixed in the presence of tannic acid for transmission electron microscopy, which resulted in increased ultrastructural preservation of carbohydrate-based structures (31) . By using this staining protocol, the microfibrillar carbohydrate-rich content of the LL could be confirmed (Fig. 1A) . VF, soluble LL, and affinity-purified Em2(G11) antigens were further separated by SDS-PAGE and stained for carbohydrates by the GlycoTrackCarbohydrate Detection Kit (Fig.  1B) . Both LL and Em2(G11) were characterized by a predominantly high-molecular-mass (Ͼ200 kDa) carbohydrate content. The immunological identification of Em2-related epitopes by immunoblotting revealed that the high-molecularmass LL carbohydrates and the Em2(G11) carbohydrates exhibited MAb G11-binding activity, whereas no MAb G11 binding could be detected within the VF antigen (Fig. 1B) . The banding patterns of the LL were nearly identical between carbohydrate staining and Em2(G11) immunostaining. These data thus indicated that the high-molecular-mass carbohydrates of Em2(G11) (detectable by MAb G11) also constitute the major carbohydrate antigens of the LL.
The fact that the MAb G11-reactive epitope of Em2(G11) is of carbohydrate nature was further confirmed by MAb G11 sandwich ELISA (Fig. 1C) . Em2(G11) lost its ability to interact with MAb G11 after deglycosylation treatment with NaOI 4 , while treatment with protease K had no relevant influence on its Em2(G11)-binding activity (Fig. 1C) . As a control, the same procedure completely abrogated the protein-binding activity detected in a corresponding interleukin-2 (IL-2) and gamma interferon (IFN-␥) sandwich ELISA (data not shown).
Immunogenic characteristics of the Em2(G11) antigen in vitro. We further tested whether the Em2(G11) antigen, as a high-molecular-weight carbohydrate, would be taken up by macrophages and whether the same antigen could stimulate lymphocyte activation in vitro. Peritoneal cells from normal mice were incubated with protein-rich VF antigen or the carbohydrate Em2(G11) antigen and were subsequently stained by intracellular immunofluorescence. Results showed that both types of antigen had been taken up by the resident macrophages (Fig. 2) , a prerequisite for the further antigen processing and presentation events.
With regard to lymphoproliferative induction potential, however, only the VF antigen was able to induce splenocyte proliferation in vitro, as the Em2(G11) antigen exhibited a random, nonsignificant stimulatory effect on the proliferative response in spleen cells from C57BL/6 mice infected with 100 parasite vesicles (Fig. 3) . By using spleen cells from B-celldeficient MT mice (rich in T lymphocytes) that had been infected for 1 month or from athymic nude mice (rich in B lymphocytes), it could be demonstrated that VF antigen induced predominantly T-cell proliferation in MT mice. In response to Em2(G11) antigen stimulation, the proliferation values of spleen cells from infected MT mice were comparable to those of spleen cells from control mice (Fig. 3) . Consequently, in contrast to protein-rich VF antigen, the purified carbohydrate Em2(G11) antigen induced no specific T-lymphocyte proliferation in vitro. 
T-cell activation and polarization in vivo.
Next, we addressed the question of whether T cells are highly activated and polarized in vivo by the persistently proliferating larval parasite. The pattern of cytokine expression in the spleen was analyzed ex vivo by quantitative reverse transcription-PCR. Five mice were infected with 100 metacestode vesicles, and splenocytes were isolated at 3 and 6 months postinfection (p.i.), respectively. As shown in Fig. 4 , expression of the Th1 cytokines IFN-␥ and IL-2 was constitutive (3 months p.i.) or reduced (6 months p.i.) after chronic infection, compared to that in the spleens of control mice. The Th2 cytokines IL-4 and IL-5 (also IL-13; data not shown) were slightly increased, indicating a Th2 shift during chronic E. multilocularis infection. Overall, the T-cell cytokine expression remained at a low level in vivo during the whole course of chronic infection (Ͻ50 molecules), especially in comparison to the increased inflammatory cytokines (Ͼ3,000 molecules; Fig. 4) .
Specific IgG avidity in sera of infected C57BL/6 mice. In general, antibody responses to typical carbohydrate antigens have been shown to be different from those developed against conventional protein antigens. Furthermore, the opsonophagocytosis and/or complement-mediated lysis is dependent upon the binding strength of the IgGs involved. Thus, we determined the avidity of specific anti-Em2(G11) IgG and anti-recombinant II/3 IgG by ELISA. For this, 10 different sera obtained at 3 months p.i. and 10 sera obtained at 6 months p.i. were preselected upon triple seropositivity to the Em2(G11), VF, and II/3 antigens. As shown in Fig. 5 , the avidity of all IgG isotypes against recombinant protein II/3 antigen was high but remained significantly lower for the Em2(G11) antigen. These data demonstrated the inability of the carbohydrate Em2(G11) antigen to induce IgG avidity maturation.
Anti-Em2(G11) antibody production and isotype switching in T-cell-deficient mice. Because the major LL Em2(G11) antigen contains predominantly high-molecular-weight carbohydrates and induces no T-cell proliferation in vitro and lowavidity IgG isotypes in immunocompetent mice in vivo, we used T-cell-deficient mice to further test if this antigen is a TI antigen, which may help to explain poor immune responsiveness and effectiveness in AE.
Anti-Em2(G11) antibody production and respective isotype switching in infected athymic nude mice, TCR␤ Ϫ/Ϫ , MHCII Ϫ/Ϫ mice, and MHCI Ϫ/Ϫ mice were tested by ELISA (Table 1) . Besides the immunocompetent C57BL/6 WT mice, which exhibited a specific anti-Em2(G11) antibody response including all IgG isotypes, the MHCI Ϫ/Ϫ mice produced comparable IgM concentrations and a respective IgG switch, suggesting that CD8 ϩ T cells play a minor role in antibody production. Nude TCR␤ Ϫ/Ϫ and MHCII Ϫ/Ϫ mice infected for 1 month also produced IgM and a switch to IgG2a and IgG3 but not to IgG1. The Em2(G11)-specific IgG1 concentration was consistently lower than the level of detection in nude TCR␤ , and mice infected for 6 months (cross-hatched bars) were harvested and pooled in each group. Cytokine transcripts were standardized to the levels of ␤2-microglobulin transcripts and quantitated by using fourfold dilutions of the competitive plasmid pMus. The number of molecules of each cytokine was based on the point where PCR products were equivalent to the products of pMus, where the pMus value is a definite numbers of molecules (see Materials and Methods). The results were calculated as the mean number of cytokine molecules in two independent experiments.
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E. MULTILOCULARIS Em2(G11) T-CELL-INDEPENDENT ANTIGENdependent on ␣␤ ϩ CD4 ϩ T-cell help. The IgG2a isotypes in the nude TCR␤ Ϫ/Ϫ and MHCII Ϫ/Ϫ mice were significantly lower in concentration than those in infected immunocompetent C57BL/6 mice, thus indicating that the help of ␣␤ ϩ CD4 ϩ T cells is crucial for optimal antibody production. However, anti-Em2(G11) IgG3 concentrations in nude and TCR␤ Ϫ knockout (KO) mice were even comparable to those in immunocompetent C57BL/6 WT mice, and in MHCII Ϫ/Ϫ (CD4-deficient) mice, such IgG3 was also clearly detectable. These data confirmed an alternative and T-cell (␣␤ ϩ CD4 ϩ T-cell)-independent pathway of IgG3 switching during E. multilocularis infection. The Em2(G11) antigen, as a TI antigen, induced qualitatively distinct antibody production and IgG2a and IgG3 isotype switching in the absence of the help of ␣␤ ϩ CD4 ϩ T cells. Anti-Em2 antibody production and isotype switching in CD40-deficient mice. Unlike antibody responses to protein antigens, IgM and IgG responses to TI antigens do not require CD40-CD40L interactions. To further confirm the TI antibody responses during E. multilocularis infection and the TI nature of the Em2(G11) antigen, parasite-specific anti-Em2(G11) antibody production and respective isotype switching were further determined by ELISA in infected CD40 Ϫ/Ϫ mice ( Fig.   6 ). At 2 (data not shown) or 3 months p.i., CD40 Ϫ/Ϫ mice had developed anti-Em2(G11)-specific IgM. The IgG isotype switching included predominantly the IgG3 and IgG2b isotypes. These data suggested that during E. multilocularis infection, the carbohydrate Em2(G11) antigen induced antibody production and IgG2b and IgG3 switching in the absence of CD40 molecules. Quantitatively, however, a marked reduction in antigen-specific IgG2b and IgG3 concentrations was seen in CD40 Ϫ/Ϫ mice, relative to that in infected WT controls, which may point out again that the help signal from T cells mediated by CD40 molecules is important for an optimal antibody response in vivo. This, however, does not call into question the fact that the Em2(G11) antigen acts a TI antigen.
DISCUSSION
The parasite LL is composed mainly of high-molecularweight carbohydrates. A major aim of this report was to demonstrate that the Em2(G11) antigen, a major lectin-binding carbohydrate antigen localized in the LL (25), did not stimulate a lymphoproliferative response in vitro, while the crude, predominantly protein VF antigen induced significant T-cell proliferation. In vivo, the progressive growth of the metacestode and the related continuous antigenic stimulation resulted in a Th2 shift with a persistently low-level expression of respective cytokines. In contrast to the antibody response against the recombinant protein II/3 antigen, the Em2(G11) antigen induced the synthesis of low-avidity IgG only, including all isotypes. Subsequent experiments with T-cell-deficient mice demonstrated that the carbohydrate Em2(G11) antigen acts as a TI antigen, similar to antigens which have been found in some encapsulated bacteria, fungi, or viruses (9, 18, 19, 23, 37, 41, 46) . It appears that the glycocalyx of the E. multilocularis metacestode-the LL-protects the parasite against host effector mechanisms. This protection is putatively attributed to the high-molecular-weight carbohydrate content of the LL and its low immunogenicity as a TI antigen. AE in human patients requires continuous chemotherapy for a nearly unlimited time if complete surgical resection is not possible (3). Obviously, humoral and cellular immune responses in human (as well as murine) AE are not sufficient to control parasite proliferation. Thus, experimental infection, even with a single metacestode vesicle, was enough to allow parasite survival and subsequent metastasis formation, despite the development of a specific immune response (unpublished FIG. 5 . Comparison of IgG isotype avidity values against the carbohydrate antigen Em2(G11) and the recombinant protein antigen II/3. Relative avidity values of the anti-Em2(G11)-specific IgG isotype (white bars) and relative avidity values of the anti-II/3-specific IgG isotype (black bars) were tested by ELISA using sera from C57BL/6 WT mice infected for 3 months. The results are expressed as the mean plus the standard error of the mean (A 405 ). Similar results were obtained with sera from mice infected for 6 months (data not shown). b Significantly greater than the value of control mice at P Ͻ 0.01 by Student's t test. c Significantly greater than the value of control mice at P Ͻ 0.05 by Student's t test. data). The restricted effectiveness in controlling the infection may be correlated with the immune status observed in AE. In many parasitic diseases, especially protozoan diseases, a chronically persisting parasite infection is associated with continuous antigenic stimulation and normally results in a highly polarized immune response pattern. This polarization becomes particularly evident in the profile of CD4 ϩ T-cell-associated cytokine expressions. In helminthic infections (21) , and also in human AE (45), the persistent parasite or E. multilocularis metacestode proliferation and antigenic stimulation, respectively, yields a Th2 cytokine profile. Our present data confirm this peculiarity also in the experimental murine model. It is known that Th2 cytokines provide more potent helper functions for antibody, especially IgE or IgG1, production and also support eosinophil-mediated and mast cell-mediated reactions, while Th1 cytokines relate to macrophage activation, antibody-dependent cytotoxicity, delayed-type hypersensitivity, and inflammation, thus focusing on cellular immunity (1) . In contrast to allergy or those helminthic infections which induce prominent Th2 cytokine response, AE is not characterized by high IgE production, mucosal mastocytosis, and eosinophilia, and the reasons remain unknown. Thus, the slight increase in Th2 cytokine expression following experimental E. multilocularis infection seems not to be enough for the induction of a powerful Th2 cell-mediated effect reaction. The low level of Th1 cell cytokine expression during chronic infection in C57BL/6 mice in vivo indicated a generally depressed Th1 cell-mediated immune response. Furthermore, chronically infected mice maintained a markedly low-avidity IgG response to the LL antigen Em2(G11). A similar phenomenon had been observed in infections with the closely related parasite E. granulosus (43) .
One of the possible regulatory mechanisms responsible for the restricted effectiveness of the immune response following E. multilocularis infection was proposed to be based upon an immunosuppression phenomenon (11) . We had shown that high nitric oxide production by macrophages could suppress the immunoproliferative response during AE (11) . An additional possibility may be provided by alternative antigenic stimulation. Being a highly organized metazoan pathogen, E. multilocularis may challenge the host immune system by expressing a highly complex antigen pattern. The site of constant interaction between the metacestode and the host and its immune system is the LL (26) . Previous studies and our results showed that the LL is rich in carbohydrates and that high-molecularweight glycans are major structural elements of the LL (33). One of its major components is a lectin-binding carbohydrate antigen called Em2(G11) (12, 25) . The LL and the Em2(G11) antigen remain within the infected host tissue, even following dying out of the metacestodes (42) . This indicates poor in vivo degradability of the LL and its associated antigens. We showed in this paper that-despite endocytosis of both the carbohydrate Em2(G11) antigen and the predominantly protein VF antigen by macrophages-the Em2(G11) antigen, in contrast to the VF antigen, exhibited no antigenic stimulation of T-cell proliferation in vitro. In addition, the Em2(G11) antigen induced the production of only low-avidity IgG in vivo in C57BL/6 mice. The fact that antibody synthesis and the subsequent switch to IgG3 and IgG2a took place in C57BL/6 athymic nude mice and other T-cell-deficient mice further underlined the TI nature of this parasite antigen. Our results are consistent with data obtained by others with regard to murine E. granulosus infections in which mice were treated with anti-CD4 antibodies prior to infection (7) .
It was shown that TI carbohydrate antigens can modulate the immune response in different ways (36) . Our working hypothesis focused on the existence of TI immunogenic carbohydrates in the LL of E. multilocularis, which may be involved in the parasite's evasion of host immunity. Like some other pathogens, E. multilocularis synthesizes particulate antigens chemically composed of a complex mixture of T-cell-dependent (TD) antigens (peptides and proteins) and TI antigens FIG. 6 . Anti-Em2(G11) antibody production in infected CD40
Ϫ/Ϫ mice. Specific anti-Em2(G11) antibody production in infected CD40 Ϫ/Ϫ mice was further determined by ELISA. CD40
Ϫ/Ϫ mice were infected with 100 metacestode vesicles for 3 months. IgM and IgG isotype antibody concentrations were determined in individual mice by ELISA. Each symbol represents an individual mouse, and the bold bar indicates the mean of each group. The broken line indicates the mean plus 2 standard deviations of the group of control mice. This is one representative of two independent experiments with identical results. Similar results were obtained with mice infected for 2 months.
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E. MULTILOCULARIS Em2(G11) T-CELL-INDEPENDENT ANTIGEN(glycolipids and complex polysaccharides) (32, 33) . The carbohydrate-rich LL encapsulates the entire parasite and thus may restrict or inhibit the physical exposure of somatic or metabolic proteins of the germinal layer to the host immune system. Further studies, e.g., competitive macrophage uptake assays, may be required to experimentally support this hypothesis. Different TI carbohydrates are implicated in suppression of the antigen presentation of defined TD antigens to T cells (36, 47) . For example, they can inhibit protein antigen uptake and processing by macrophages (39) . Furthermore, polysaccharides of encapsulated Cryptococcus neoformans (49) inhibit the expression of costimulatory molecules and thus influence T-cell activation. Most importantly, beside putative inhibition of exposure and presentation of TD antigen by LL-associated glycans or carbohydrates, the Em2(G11) antigen, being a TI antigen, would not be recognized by the TCR in the context of MHC molecules. Signaling by the TCR is important for T-cell activation and also for providing help in antibody synthesis. In fact, Em2(G11) antigen did not stimulate T-cell proliferation in vitro and induced an IgG response lacking subsequent avidity maturation. Thus, the restricted specific T-cell activation by the LL Em2(G11) antigen in vitro and by the proliferating parasite in vivo, as well as a low-avidity anti-Em2(G11) antibody response, may be one of the many factors contributing to the lack of protection against proliferating metacestodes. Like many other carbohydrate antigens (39, 44, 47) , Em2 (G11) induced marked antibody synthesis and isotype switching in C57BL/6 athymic nude TCR␤ Ϫ/Ϫ mice and MHCII Ϫ/Ϫ mice ( Table 1) . These results suggested that the specific antiEm2(G11) antibody production and isotype switching could take place independently of ␣␤ ϩ and CD4 ϩ T cells. The Em2(G11)-specific IgG synthesized in nude TCR␤ Ϫ/Ϫ and MHCII Ϫ/Ϫ mice were predominantly of the IgG3 and IgG2a isotypes. Nevertheless, in C57BL/6 WT mice, the IgM and IgG2a antibody levels were significantly higher than those in T-celldeficient mice. This points out the importance of CD4 ϩ ␣␤ ϩ T cells in the achievement of optimal antibody production. However, we documented detectable amounts of IgG2a and IgG3 in nude TCR␤ Ϫ/Ϫ and MHCII Ϫ/Ϫ mice. The IgG3 concentrations in nude and TCR␤ Ϫ/Ϫ mice were even comparable to those of WT mice. The detailed TI pathways of antibody synthesis and isotype switching at the in vivo operative level, however, are not known (39, 44) . Relatively higher concentrations of IgG2a and IgG3 were found in nude and TCR␤ Ϫ/Ϫ mice than in MHCII Ϫ/Ϫ mice. These data indicated that the few resident T cells (fluorescence-activated cell sorter analysis showed 1% CD4 ϩ T cells) in nude mice, especially ␥␦ ϩ T cells in TCR␤ Ϫ/Ϫ mice, may play an important role in the IgG2a and IgG3 switch after infection, in the absence of ␣␤ ϩ T-cell help. It has been shown that the switching to isotype IgG2a in TCR␣ Ϫ/Ϫ mice infected with vesicular stomatitis virus was supported mainly by ␥␦ ϩ T cells (37) . It will be of interest to assess antibody synthesis and isotype switching in ␣␤ and ␥␦ double-KO mice in further experiments. In addition, cytokines such as IFN-␥, transforming growth factor ␤, and local cell contact-delivered signals may contribute to the induction of a TI antibody response (5, 44) . The signal delivered by cell contact from T to B cells is mediated mainly via the CD40-CD40L interaction. CD40 and CD40L have been shown to be essential for humoral immune responses to TD antigens but play no role in determining the intensity and isotype distribution of humoral immune responses to most purified TI antigens (22, 35) . E. multilocularis infection induced a specific anti-Em2(G11) IgM production and a subsequent IgG2b and IgG3 switch in CD40 Ϫ/Ϫ mice. However, conversely to those of other purified TI antigens, concentrations of the different anti-Em2(G11) IgG isotypes were significantly lower than those in WT mice. A possible reason for this is that the immune system of an infected mouse encounters the Em2(G11) antigen in vivo not as an isolated epitope but in the context of a complex mixture of parasite products. In addition, TD B-cell responses are usually associated with germinal center (GC) formation, a specialized microenvironment for somatic mutation and affinity maturation (4). Respectively, CD40-CD40L interactions are crucial for GC formation and maintenance. In our currently ongoing and future experiments, it will be interesting to investigate putative GC formation in T-cell-deficient or CD40-deficient mice following E. multilocularis infection and to study the possible factors which could contribute to the IgG2a and IgG3 switch in the absence of T-cell help.
In summary, our results show that the E. multilocularis has chosen to shield itself with a layer composed mainly of an inefficient TI antigen and therefore avoids an immune attack. Our results contribute to a better understanding of the parasite's survival strategy and will help in the design of potential immunotherapeutic or vaccination tools. For example, conjugation of polysaccharide antigens to TD protein antigens or adjuvants such as IL-12 (9) or anti-CD40 antibodies (16)-in order to recruit T-cell help-may become attractive. Finally, our results also strongly support the idea that there is an alternative pathway of B-cell activation in AE that is independent of ␣␤ ϩ or CD4 ϩ T-cell help and may not require CD40-CD40L interactions.
